The natural occurrence of porcine polioencephalomyelitis in Ohio was reported in 196213. The etiologic agent was identified as an enterovirusll and the disease was studied experimentally in germfree pigs, correlating light% 15 and electron microscopy14 with data obtained by viral isolation, electrophoresis, and immunoreactiodz. The objectives of the present study were to evaluate by silver carbonate impregnation the neuronal degeneration and glial response in germfree pigs with experimental porcine polioencephalomyelitis, to supply additional information on the pathogenesis of the lesions in porcine polioencephalomyelitis, and to provide a basis for the comparison of this disease with other polioencephalomyelitides of man and animals.
Review of the Literature
Techniques of metallic impregnation have been used extensively in neuropathology for the determination of specific reactions of neurons and glial cells not demonstrable by staining with aniline dyes. The silver carbonate methods of H O R T E G A~~ further enabled the identification and study of glia. A summary by PEN FIELD^^ defined the reactions of these elements under normal conditions and in disease. BODIAN~ used protargol staining methods for neurons in studying the neuronal changes of poliomyelitis in man and, of the experimental disease, in monkeys. An evaluation of the microglial response in this disease by silver carbonate impregnation was reported by several authors5, 9 , 19. CONE^, used this technique to study the neuroglial reaction in individual cases of human poliomyelitis. SCHARENBERG~~ and WAR BURG^^ evaluated the ghal response in the chronic phase of poliomyelitis.
In a study of the histopathology of Teschen disease in Europe, DOBBER-STEIN? utilized silver carbonate impregnations for the evaluation of the glial response.
Materials and Methods
The virus (03b) 1"-13 used in this study was grown in primary tissue cultures of swine kidney and identified as an enterovirus according to the criteria outlined by BETTS et al. 1 and those established by the Committee on Enterovir~ses~. Its immunologic properties were characterized11 and its pathogenicity for colostrum-deprived and germfree pigs was previously establishedls.
Experimental Animals
Twenty-seven germfree pigs 1-2 days of age were used in this study. Twentythree were experimental subjects and four were controls.
The pigs were housed in flexible film isolators and maintained under gnotobiotic conditions throughout the study. The procedures for the feeding and maintenance of germfree pigs have been describedI5. Germfree status was determined by culturing samples of feces, nasal mucus, and other body wastes and the walls of the isolator at frequent intervals throughout the study. Samples were cultured by the method of WAGNERZ~ with additional testing for mycoplasma.
The experimental pigs were killed at 3, 4 (2 pigs), 5, 6 (2 pigs), 7 (2 pigs), 8, 10 (3 pigs), 12, 14 (2 pigs), 16, 19 (2 pigs), 21 (2 pigs), 27, and 28 (2 pigs) days postinoculation to coincide with various stages of the disease. The controls were killed at 7, 10, 15, and 25 days following exposure of the experimental pigs.
The experimental pigs were inoculated orally with 2.0 ml of tissue culture fluid containing virus. The inoculum contained 10.4.s TCIDW (tissue culture infectious doses) of virus per ml. The control pigs were given 2.0 ml of tissue culture fluid without virus. The inoculum was injected slowly into the cheek pouch using a 10.0 ml syringe.
Examination of the Pigs
A daily neurologic examination included the testing of a series of spinal and postural reflexes as previously describedls. Body temperatures were recorded daily.
Histologic Techniques
Blocks of spinal cord were fixed in Cajal's formalin ammonium bromide solution. Frozen sections, 15 ,u thick, of mid-cervical, thoracic, and lumbar cord were cut using a cryostat and stained according to SCHARENBERG'S modification21 of HORTEGA'S silver carbonate techniques'7. Methods of reduced silver were used.
The spinal cord was selected for this study since it was consistently and severely affected.
Results
Preparalytic Period (0-7 p.i.d.)
No morphologic change was observed in neurons during the first five days postinoculation (p. i. d.). On the sixth day, small groups of motor neurons in the ventral horns were swollen as indicated by an increase in size and a rounded contour. The Nissl bodies appeared normal. No mesodermal or glial reaction was detected.
On the seventh day, diffuse chromatolysis was observed in small groups of motor neurons (Fig. 1 ). The nerve cells had a rounded contour with loss of Nissl bodies. The cytoplasm contained diffusely djstributed fine granules. In other neurons there was central chromatolysis. Pyknosis was occasionally observed in these small groups of affected nerve cells. The degeneration of neurons was associated with mild perivascular cuffing and proliferation of adventitial cells and microglia. Endothelial swelling also occurred. Occasional nerve cells were surrounded by microglia. Activation of oligodendrocytes was indicated by swelling, with the nucleus remaining in a central location. The axons leading from affected groups of motor neurons appeared normal. There were degeneration of sensory neurons in the dorsal root ganglia, as indicated by swelling and chromatolysis, and proliferation of satellite cells. The histopathologic changes in nerve cells were of the same general nature as in the preparalytic period but much more advanced. The lesions a t this time were distributed widely throughout the spinal cord. By the 10th postinoculation day, nearly all neurons in the ventral horns were altered. The lesions ranged from swelling with chromatolysis to necrosis and neuronophagia.
Various degrees of chromatolysis were represented, ranging from mild changes to complete disintegration of chromatin (Fig. 2) . The amount of phagocytic reaction around necrotic neurons was variable. While most had glial accumulations ( Fig. 3) , others had little or no glial response. In some, vacuolization of the cytoplasm was a predominant feature. In some areas the neurons had disappeared and their former locations were marked by glial nodules (Fig. 4) . Large cytoplasmic vacuoles remaining from the destroyed neuron were frequently seen outside the nodule. Neurofibrils were often intact in cell remnants in spite of chromatolysis and karyorrhexis (Fig. 5 ). The ventral horns were more severely affected than the dorsal horns.
By the tenth day the destruction of neurons and the formation of sheets of lipid phagocytes were often on such a massive scale that cavitation of the ventral horns was grossly visible on the stained sections.
Another type of neuronal change was the formation of degenerative giant neurons. Stages ranged from slight enlargement of the cell body with pronounced neurofibrils (Fig. 6 ), to forms having marked enlargement of the cell body, granular disintegration of neurofibrils, and argyrophilic, fragmented processes ( Fig. 7) .
Axonal degeneration occurred in tracts originating from necrotic motor neurons (Fig. 8 ). In some tracts nearly all the axons were affected while in others only a few were involved, indicating the degree of destruction of the individual ganglion cells. The degeneration of the axons in the dorsal roots was a prominent feature at this stage and reflected the intensity of the destruction of the dorsal root ganglia.
The oligodendroglial response was manifested by satellitosis of affected neurons as well as swelling of interfascicular oligodendrocytes along nerve tracts. Tiny vacuoles were seen between the centrally placed nucleus and the cell membrane.
The principal astrocytic changes were represented by clasmatodendrosis ( Fig. 9 ) and the formation of plump astrocytes (gemisto- cytes). There was also some evidence of astrocytic hypertrophy and h j perplasia.
Destruction of individual eper,dymel cells sometimes occurred. This w2s manifested by cytoplasmic granularj.ty and degeneration of processes.
Post Paralytic Period (13-17 p. i. d.)
Active neuronal destruction appeared to cease about two weeks postinoculation. There were large foci containing phagocytic cells and there was some evidence of completed Leuronophagia. The surviving ceurons were generally rounded but to a lesser degree than in cells with acute swelling. Many ganglion cells had large vacuoles in their cytoplasm (Fig. 10 ). Nissl bodies rezppeared in surviving neurons. The Nissl granules were either distributed throughout the cell body or were located in the perinuclezr region.
Axonal degeneration in both the dorsal roots and in tracts originating from the ventral horns was characterized by coarse argyrophilic granules.
Microglial cells were less numerous than in the paralytic period and were mostly in focal aggregates throughout the gray matter. Their highest concentrations were in areas of the cord having the lowest numbers of intact neurons.
Oligodendroglial involvement in the form of satellitosis and activation along nerve tracts was a common finding.
The astrocytic reaction was characterized by hyperplasia and hypertrophy with proliferation of processes. It was most noticeable in the ventral horns especially in areas deprived of neurons.
Convalescent Period (After 17 p. i. d.)
Ganglion cells were absent from large areas in the ventral horns. The few surviving neurons had a slightly rounded contour, thicker processes, and, occasionally, had vacuolated cytoplasm which sometimes contained neutral fat. They occupied small areas limited by the encroaching mesh of astrocytic fibers (Fig. 11) .
Microglial cells were fewer in number and were primarily concentrated in the ventral horns in areas formerly occupied by ganglion cells. The microgliosis had a relatively diffuse distribution with only occasional focal concentrations. Microglial cells were also within perivascular cuffings throughout the gray and white matter. There was still evidence of oligodendroglial activation as shown by their increased numbers as satellites around recovering neurons.
The predominant lesion was the proliferative astrocytosis ( Fig.  12 ). Massive concentrations of astrocytic fibers were consistently found in the ventral horns. The blood vessels were outlined by prominent astrocytic foot pads ( Fig. 13) and fibroblastic proliferation. The cord was often grossly distorted due to the loss of neurons and their replacement by astrocytic scars.
Discussion
The germfree pig was shown to be an ideal animal for the study of this diseases, 15. The experimentally produced lesions were identical with those of the natural infection. Furthermore, the optimally controlled environment assured uniform and predictable results uncomplicated by secondary infection, interference phenomena, and other factors. The germfree pigs were highly susceptible to the virus and the disease was produced in every experimentally exposed animal's.
The effect of the virus on the central nervous system was not apparent before the sixth p. i. d. although virus was isolated from the brain as early as the fourth p. i. d.12. By the seventh day, there was diffuse chromatolysis in motor neurons. This was a sudden change and correlates well with the detachment of ribosomes observed at this time with electron microscopyl4. During the next three days all stages of neuronal degeneration and necrosis were observed in susceptible areas. The ventral horns were more severely affected than the dorsal horns. Glial nodules marlied the locations of necrotic ganglion cells after the tenth postinoculation day. Degenerative giant neuronal formations with granular disintegration of neurofibrils were also seen at this time.
Degeneration of axons both in the dorsal roots and in tracts originating from the ventral horns attested the severe destruction of both sensory and motor neurons.
Some neurons were severely vesiculated, a feature corresponding to vesiculation of endoplasmic reticular cisternae as viewed by electron microscopyl4. Starting at the thirteenth postinoculation day some neurons had reappearance of Nissl bodies in a perinuclear location; this was interpreted as evidence of recovery. As neuronal degeneration ceased, microgliosis diminished and proliferative astrocytosis increased (progressive scar formation).
Compared with experimental poliomyelitis in monkeys2, the two diseases were similar in principle. The stages of neuronal degeneration in the ventral horns and axonal degeneration of the ventral root fibers occurred in similar time sequences. Likewise the mjcroglial and neurogljal reactions were comparable in the two diseases. No inclusion body, however, was seen in porcine polioencephalomyelitis, in contrast to their reported occurrence in experimental poliomyelitis in monkeys.
In Teschen disease, DOBBERSTEIN7 observed the proliferation of macroglia as a late event. It was detected 53 days after infection and was optimal at 107 days although true sclerosis was lacking. In our study of porcine polioencephalomyelitis, a dense glial scar had formed by the 28th postinoculation day.
The neuronal changes and glial response in the spinal cord were studied by silver impregnation techniq-Jes in 23 germfree pigs orally infected with a porcine polioencephalomyelitis viras. By the sixth day swelling occurred in motor neurons. During the next 24 to 96 hours this progressed to diffuse chromatolysis, vesiculation, necrosis, and neuronophagia in massive areas of the ventral horns, Massive degeneration of axons in tracts originating in the ventral horns and from dorsal root ganglia correlated well with the extensive destruction of both motor and sensory neurons.
The initial responses to necrosis of ganglion cells were infiltration and proliferation of microglial cells. As active neuronal destruction ceased (about two weeks following infection) the rnicroglial reaction began to decline and proliferative astrocytosis became the predominant feature. The paucity of surviving neurons in the ventral horns, and the density of the mesh of astrocytic processes marked the chronic regressive phase of the disease.
Neurale Veranderungen und Gliareaktionen wurden mit Silberimpragnationsverfahren in 23 keimfreien Schweinen nach oraler Polioencephalomyelitis-lnfektion untersucht. Schwellung motorischer Nervenzellen wurde am 6. Tage 
